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METHOD FOR PREPARING ALCOHOL
CARBONATE USING RARE EARTH OXIDES
AS CATALYSTS

FIELD OF THE INVENTION

The present invention relates to a process for the synthesis
of alcohol carbonate, in particular of glycerol carbonate.

BACKGROUND OF THE INVENTION

Processes for the synthesis of glycerol carbonate are
widely described in the literature.

Processes employing organic carbonates have been devel-
oped.

EP 0 739 888 discloses in particular a process for the
preparation of glycerol carbonate by reaction of glycerol and
a cyclic organic carbonate in the presence of a solid catalyst
comprising a bicarbonate-comprising or hydroxyl-compris-
ing anionic macroporous resin or a three-dimensional zeolite
of X or Y type comprising basic sites, at a temperature of
between 50 and 110° C. The reaction yield is of the order of
90%. However, in order to obtain this yield, it is necessary to
withdraw the ethylene glycol formed during the reaction. The
process is applicable to pure glycerol and to glycerins.

It is also known from US2010/0209979 (Jung et al.) a
process for the preparation of glycerol carbonate by reaction
between dimethyl carbonate and glycerol by transesterifica-
tion catalyzed by a lipase.

JP06329663 discloses a process for the preparation of
glycerol carbonate by reaction between ethylene carbonate
and glycerol catalyzed by aluminum, magnesium, zinc, tita-
nium or lead oxides. Other processes have been developed by
catalysis with CaO.

However, these catalysts are not stable and are in particular
decomposed by water and do not make it possible to be able
to carry out the process continuously.

There are other processes using in particular phosgene and
urea. However, the process with phosgene exhibits the disad-
vantage of being highly toxic and thus not suitable for the
preparation of products involved in the manufacture of food,
cosmetic or pharmaceutical compositions.

Thus, EP 0 955 298 discloses a process for the synthesis of
glycerol carbonate consisting of the reaction of glycerol with
urea in the presence of a catalyst of metal or organometallic
salttype exhibiting Lewis acid sites. The molar yield obtained
is between 40 and 80% with respect to the glycerol.

However, the processes with urea generate a high propor-
tion of ammonia; it is thus necessary to neutralize this ammo-
nia in the salt form and these ammonia salts are not of eco-
nomic value. Disadvantages in terms of cost, of difficulty in
purification and sometimes of environmental (in particular
discharge of dioxane and/or glycidol, use of glycidol, use of
tin-based catalyst, use of acetonitrile) are also described.

The catalysts of the prior state of the art generally comprise
a basic entity, in particular of metal oxide type. This basic
entity is soluble in the presence of water or hydratable (under-
goes a reaction with water), which damages its effectiveness.
It is thus important to control the reaction medium, in par-
ticular the amount of water, in order to employ such catalysts.

There is thus a need to provide a process which can be
easily operated industrially, which can be employed continu-
ously and which does not exhibit a risk, in particular in terms
oftoxicity. There is also a need to provide a process which can
be carried out in a reaction medium comprising water.

SUMMARY OF THE INVENTION

The present invention relates to a process for the prepara-
tion by transcarbonation of a compound of formula (1),
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in which:
R! represents:

a hydrogen atom;

alinear, branched or cyclic C, to C,, preferably C, to C,,
hydrocarbon group which can comprise one or more
heteroatoms chosen in particular from oxygen, nitro-
gen or sulfur and which can comprise one or more OH
substituents;

a group of formula —CH,—R? in which R? represents a
linear or branched C, to C,, preferably C, to Cs,
hydrocarbon group which can comprise one or more
heteroatoms chosen in particular from oxygen, nitro-
gen or sulfur and which can comprise one or more OH
substituents;

an alkyl-aryl group of formula -Q'-Ar' in which Q!
represents a C, to C,, preferably C, to Cs, alkyl resi-
due and Ar' represents a C to C, ,, preferably C, aryl
group, which is optionally substituted;

a C, to C,,, preferably C, to C, ,, preferably C, to C,,
aryl group, which is optionally substituted, in particu-
lar by a C, to C,, preferably C, to C,, alkyl group; an
optionally substituted C5 to C,, preferably Cto C,,
preferably C to C,,, aryl group; an alkyl-aryl group
of formula -Q*-Ar® in which Q* represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar® represents a
C, to C,, preferably C, aryl group which is option-
ally substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"* in which n represents an inte-
ger between 2 and 5 and R'> represents a C, to C,,,
preferably C, to Cs, alkyl group; or a C, to C,, pref-
erably C, to Cg, alkoxy group; or

a heteroaryl group which preferably comprises from 5 to
10 members and which is optionally substituted, in
particular by: a C, to C,, preferably C, to Cs, alkyl
group; an optionally substituted Cs to C, ,, preferably
Cg to C,,, preferably C, to C,,, aryl group; an alkyl-
aryl group of formula -Q>-Ar® in which Q’ represents
aC, to C, preferably C, to Cs, alkyl residue and Ar®
represents a Cg to C,,, preferably Cq, aryl radical
which is optionally substituted; a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, preferably C, to Cs, alkyl group; ora C, to
C,, preferably C, to Cs, alkoxy group;

R? represents:

a hydrogen atom;

alinear or branched C, to C,, preferably C, to C,, alkyl
group;

a group of formula -L'OH in which L' represents:

a linear, branched or cyclic C, to Cg, preferably C, to
Cs, hydrocarbon group which can comprise one or
more heteroatoms chosen in particular from oxy-
gen, nitrogen or sulfur and which can comprise one
or more OH substituents;

an alkyl-aryl group of formula -Q*-Ar* in which Q*
represents a C, to C,, preferably C, to Cs, alkyl
residue and Ar* represents a C to C,,, preferably
Cs, aryl group which is optionally substituted;
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a group of formula -L*-CH, in which L represents:

a linear, branched or cyclic C, to C,, preferably C,
to Cs, hydrocarbon group which can comprise
one or more heteroatoms chosen in particular
from oxygen, nitrogen or sulfur and which can
comprise one or more pendant OH groups;

a C, to C, preferably C, to C,, preferably Cg to
C,,, aryl group which is optionally substituted,
in particular by a C, to C,, preferably C, to Cs,,
alkyl group; an optionally substituted C5to C .,
preferably C to C, ,, preferably C; to C,,, aryl
group; an alkyl-aryl group of formula -Q°-Ar” in
which Q represents a C, to C,, preferably C, to
Cs, alkyl residue and Ar” represents a C,to C
preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"’ in which nrepresents an
integer between 2 and 5 and R'® represents a C,
to C,, preferably C, to Cs, alkyl group; ora C,
to C,, preferably C, to Cs, alkoxy group; or

a heteroaryl group which is optionally substituted,
in particular by: a C, to C,, preferably C, to C,,
alkyl group; an optionally substituted C5to C,,,
preferably C, to C,,, preferably C, to C,,, aryl
group; an alkyl-aryl group of formula -Q°-Ar® in
which QS represents a C, to C,, preferably C, to
Cs, alkyl residue and Ar® represents a C4to C
preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"’ in which nrepresents an
integer between 2 and 5 and R'® represents a C,
to C,, preferably C, to Cs, alkyl group; ora C,
to C,, preferably C, to C,, alkoxy group;

aCstoC,,, preferably C to C,,, preferably C,to C,,
aryl group which is optionally substituted, in par-
ticular by: a C, to C,, preferably C, to C,, alkyl
group; an optionally substituted C to C,,, prefer-
ably C4to C, , preferably Cg4 to C,, aryl group; an
alkyl-aryl group of formula -Q°-Ar® in which Q°
represents a C, to C,, preferably C, to Cs, alkyl
residue and Ar° represents a C4 to C,,, preferably

Cs, aryl group which is optionally substituted; a

polyalkoxy group of formula —(OCH,CH,),—

OR'? in which n represents an integer between 2

and 5 and R'? represents a C, to C,,, preferably C,

to Cs, alkyl group; or a C, to C,, preferably C, to

Cs, alkoxy group; or

a heteroaryl group which preferably comprises from 5
to 10 members and which is optionally substituted,
in particular by: a C, to C,, preferably C, to Cs,

alkyl group; an optionally substituted Cs to C,,,

preferably C, to C,,, preferably C, to C,,, aryl

group; an alkyl-aryl group of formula -QS-ArS in
which Q% represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar® represents a C, to C, ,, pref-
erably Cg, aryl group which is optionally substi-
tuted; a polyalkoxy group of formula

—(OCH,CH,),—OR"® in which n represents an

integer between 2 and 5 and R'> represents a C, to

C, o, preferably C, to Cs, alkyl group; ora C, to C,,

preferably C, to Cg, alkoxy group;

comprising the reaction, in the presence of a catalytic system
composed of a catalytic entity chosen from rare earth metal
oxides or mixtures of rare earth metal oxides and optionally of
an inert support, between a polyol of formula (IT)
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Rr!

and an alkyl carbonate or an alkylene carbonate.

DETAILED DESCRIPTION OF THE INVENTION

Preferably, in the process of the invention, R' represents:
a hydrogen atom;
a linear or branched C, to C,, preferably C, to C,, alkyl

group which can comprise one or more heteroatoms
chosen in particular from oxygen, nitrogen or sulfur and
which can comprise one or more OH substituents; pref-
erably methylene or ethylene;

a group of formula —CH,—R? in which R? represents a

linear or branched C, to C,, preferably C, to Cs, alkyl
group which can comprise one or more heteroatoms
chosen in particular from oxygen, nitrogen or sulfur and
which can comprise one or more OH substituents; pref-
erably methylene or ethylene;

an alkyl-aryl group of formula -Q*-Ar" in which Q' repre-

sents a C, to C,, preferably C, to Cs, alkyl residue and
Ar' represents a phenyl group which is optionally sub-
stituted; for example methylphenyl or ethylphenyl;

a phenyl group which is optionally substituted, in particu-

lar by: a C, to C,, preferably C, to Cj, alkyl group, for
example methyl or ethyl; an optionally substituted phe-
nyl group; an alkyl-aryl group of formula -Q*-Ar” in
which Q represents a C, to C,, preferably C, to Cs, alkyl
residue and Ar? represents an optionally substituted phe-
nyl group, for example methylphenyl or ethylphenyl; a
polyalkoxy group of formula—(OCH,CH,),—OR*® in
which n represents an integer between 2 and 5 and R*?
represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;

aCyto Cycycloalkyl group which is optionally substituted,

in particular by a C, to C, alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q7-Ar’ in which Q’
represents a C, to C,, preferably C, to Cg, alkyl residue
and Ar’ represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR"® in
which n represents an integer between 2 and 5 and R**
represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy; or

a heteroaryl group of pyridinyl or thiophenyl type which is

optionally substituted, in particular by a C, to Cs alkyl
group, for example methyl or ethyl; an optionally sub-
stituted phenyl group; an alkyl-aryl group of formula
-Q*-Ar? in which Q? represents a C, to C,, preferably C,
to Cs, alkyl residue and Ar® represents an optionally
substituted phenyl group, for example methylphenyl or
ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"” in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to Cs alkoxy group, for
example methoxy or ethoxy.



US 9,238,638 B2

5

Preferably, in the process of the invention, R represents:

a hydrogen atom;

a linear or branched C, to C,, preferably C, to Cs, alkyl
group, for example methyl, ethyl or propyl;

a group of formula -L'OH in which L' represents:

a linear or branched C, to C,, preferably C, to Cs, alkyl

group which can comprise one or more heteroatoms

chosen in particular from oxygen, nitrogen or sulfur
and which can comprise one or more OH substituents,
for example methylene or ethylene;

an alkyl-aryl group of formula -Q*-Ar* in which Q*

represents a C, to C,, preferably C, to Cs, alkyl resi-

due and Ar* represents a phenyl group which is
optionally substituted, preferably methylphenyl or
ethylphenyl;

a group of formula -[.>-CH, in which L* represents:

a linear or branched C, to C,, preferably C, to C,,
alkyl group which can comprise one or more het-
eroatoms chosen in particular from oxygen, nitro-
gen or sulfur and which can comprise one or more
pendant OH groups;

a phenyl group which is optionally substituted, in
particular by a C, to Cy alkyl group, for example
methyl or ethyl; an optionally substituted phenyl
group; an alkyl-aryl group of formula -Q°-Ar® in
which Q° represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar° represents an optionally sub-
stituted phenyl group, preferably methylphenyl or
ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"® in which n represents an
integer between 2 and 5 and R represents a C, to
C,,, preferably C, to Cs, alkyl group; ora C, to Cs
alkoxy group, for example methoxy or ethoxy;

a C, to C4 cycloalkyl group which is optionally sub-
stituted, in particular by a C, to Cs alkyl group, for
example methyl or ethyl; an optionally substituted
phenyl group; an alkyl-aryl group of formula -Q*-
Ar®inwhich Q® represents a C, to C,, preferably C,
to Cs, alkyl residue and Ar® represents an option-
ally substituted phenyl group, preferably meth-
ylphenyl or ethylphenyl; a polsyalkoxy group of
formula —(OCH,CH,),—OR" in Wthh n repre-
sents an integer between 2 and 5 and R'” represents
aC, toC,, preferably C, to C, alkyl group;ora C,
to Cs alkoxy group, for example methoxy or
ethoxy;

a heteroaryl group of thiophenyl or pyridinyl type
which is optionally substituted, in particular by a
C, to C4 alkyl group, for example methyl or ethyl;
an optionally substituted 6pheny1 group; an alkyl-
aryl group of formula -QS-Ar® in which QS repre-
sents a C, to C,, preferably C, to Cs, alkyl residue
and Ar® represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a
polyalkoxy group of formula —(OCH,CH,),—
OR'® in which n represents an integer between 2
and 5 and R*'® represents a C, to C, ,, preferably C,
to Cs, alkyl group; or a C, to Cs alkoxy group, for
example methoxy or ethoxy;

a phenyl group which is optionally substituted, in par-

ticular by a C, to C; alkyl group, for example methyl
or ethyl; an optionally substituted phenyl group; an
alkyl-aryl group of formula -Q’-Ar” in which Q° rep-
resents a C, to C,, preferably C, to Cj, alkyl residue
and Ar® represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a
polyalkoxy group of formula—(OCH,CH,),—OR"’
in which n represents an integer between 2 and 5 and
R'® represents a C, to C,,, preferably C, to Cs, alkyl
group; or a C, to C alkoxy group, for example meth-
oxy or ethoxy;
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a Cy to Cq4 cycloalkyl group which is optionally substi-

tuted, in particular by a C, to Cs alkyl group, for
example methyl or ethyl; an optionally substituted
phenyl group; an alkyl-aryl group of formula -Q%-Ar®
inwhich Q8 represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar® represents an optionally substi-
tuted phenyl group, preferably methylphenyl or eth-
ylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"® in which n represents an inte-
ger between 2 and 5 and R'® represents a C, to C,,,
preferably C, to Cj, alkyl group; ora C, to C, alkoxy
group, for example methoxy or ethoxy; or

aheteroaryl group of thiophenyl or pyridinyl type which

is optionally substituted, in particular by a C, to Cy
alkyl group, for example methyl or ethyl; an option-
ally substituted ghenyl group; an alkyl-aryl group of
formula -Q%-Ar® in which Q° represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar® represents
an optionally substituted phenyl group, preferably
methylphenyl or ethylphenyl; a polyalkoxy group of
formula —(OCH,CH,),—OR?" in which n repre-
sents an integer between 2 and 5 and R'® represents a
C, to C,,, preferably C, to Cs, alkyl group; ora C, to
C; alkoxy group, for example methoxy or ethoxy.

In the context of the present invention, the expression
“between x and y”’ is also understood to cover the limits x and
y. Thus, “between x and y” can be understood, in the context
of the invention, as meaning “ranging from x to y”.

For example, the polyol can be chosen from ethylene gly-
col, propylene glycol, glycerol, erythritol or sorbitol and the
compound of formula (I) is the corresponding compound.

Preferably, in the process of the invention, R? represents a
group of formula -L* OH.

Advantageously, the compound of formula (I) is a com-
pound of formula (Ia)

(a)

and the polyol of formula (II) is a polyol of formula (1la)

(11a)
oH

HO
L!

R! OH

in which R' and L' have the above mentioned definitions.
In a specific embodiment, L' is a linear or branched alkyl
radical comprising at least one —OH substituent.
In a specific embodiment, the polyol is a polyglycerol.
Advantageously, the compound of formula (I) is glycerol
carbonate, having the following formula

and the polyol is glycerol.
In the process according to the invention, the alkyl carbon-
ate can be a compound of formula (IIT)



US 9,238,638 B2

(11D
O
RY )]\ R’
\O O/

in which R* and R®, which are identical or different, repre-

sent:

a linear or branched C, to C, alkyl group;

a Cs to C,,, preferably C4 to C,,, aryl group which is
optionally substituted, in particular by a C, to C,, pref-
erably C, to Cs, alkyl group; an optionally substituted C
to C,,, preferably C, to C,,, preferably C, to C,, aryl
group; an alkyl-aryl group of formula -Q°-Ar” in which
Q° represents a C, to C,, preferably C, to C, alkyl
residue and Ar® represents a Cq to C,,, preferably Cs,
aryl group which is optionally substituted; a polyalkoxy
group of formula —(OCH,CH,),—OR'® in which n
represents an integer between 2 and 5 and R'® represents
a C, to C,,, preferably C, to Cj, alkyl group; ora C, to
C,, preferably C, to Cs, alkoxy group;

a C, to C4 cycloalkyl group which is optionally substituted,
in particular by a C, to C,, preferably C, to Cj, alkyl
group; an optionally substituted Cs to C, ,, preferably Cg
to C,,, preferably C¢ to C,,, aryl group; an alkyl-aryl
group of formula -Q"'°-Ar'® in which represents a C, to
C,, preferably C, to Cs, alkyl residue and Ar'° represents
aCgto C,,, preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

a heteroaryl group which preferably comprises from 5 to
10 members and which is optionally substituted, in par-
ticular by a C, to C,, preferably C, to Cs, alkyl group; an
optionally substituted Cs to C,,, preferably C, to C.,
preferably C to C,,, aryl group; an alkyl-aryl group of
formula -Q*!-Ar'! in which Q! represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar'! represents a
Ci to C,, preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*® represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group; or

an alkyl-aryl group of formula -Q'2-Ar'? in which Q'?
represents a C, to C,, preferably C, to Cj, alkyl residue
and Ar'? represents a C4to C, ,, preferably Cg, aryl group
which is optionally substituted.

Preferably, in the process of the invention, R* and R®,

which are identical or different, represent:

a linear or branched C, to C,, alkyl group, for example
methyl, ethyl, propy!l or butyl;

aCg, C,,or C, , aryl group which is optionally substituted,
in particular by a C, to Cs alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q°-Ar® in which Q°
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar® represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR"® in
which n represents an integer between 2 and 5 and R**
represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;
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aCyto Cycycloalkyl group which is optionally substituted,
in particular by a C, to C, alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q'°-Ar*® in which Q'°
represents a C, to C,, preferably C, to Cg, alkyl residue
and Ar'® represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR"® in
which n represents an integer between 2 and 5 and R**
represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;

a heteroaryl group of aniline type which is optionally sub-
stituted, in particular by a C, to Cs alkyl group, for
example methyl or ethyl; an optionally substituted phe-
nyl group; an alkyl-aryl group of formula -Q'*-Ar'! in
which Q'! represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar'! represents an optionally substi-
tuted phenyl group, preferably methylphenyl or
ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"” in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to Cs alkoxy group, for
example methoxy or ethoxy; or

an alkyl-aryl group of formula -Q'?-Ar'? in which Q'?
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar'? represents an optionally substituted phenyl
group.

Advantageously, the alkyl carbonate is dimethyl carbonate

or diethyl carbonate.

According to the invention, the term “alkylene carbonate”

is understood to mean a compound of formula (IV)

av)
(€]

PN

O (6]

in which:
RS R7, R®and R®, which are identical or different, are chosen
from:

a hydrogen;

a linear, branched or cyclic C, to C,, preferably C, to Cs,
hydrocarbon group which can comprise one or more
heteroatoms chosen in particular from oxygen, nitrogen
or sulfur and which can comprise one or more OH sub-
stituents;

a group of formula —CH,—R'°, in which R'° represents a
linear, branched or cyclic C, to C,, preferably C, to Cs,
hydrocarbon group which can comprise one or more
heteroatoms chosen in particular from oxygen, nitrogen
or sulfur and which can comprise one or more OH sub-
stituents;

a group of formula C(O)OR'?, in which R'! represents a
hydrogen atom or a C, to C,, preferably C, to Cs, alkyl
group, for example methyl or ethyl;

aCyto Cycycloalkyl group which is optionally substituted,
in particular by a C, to C,, preferably C, to Cj, alkyl
group; an optionally substituted Cs to C, ,, preferably Cg
to C,,, preferably C¢ to C,,, aryl group; an alkyl-aryl
group of formula -Q"*-Ar"? in which Q' represents a C,
to C,, preferably C, to Cs, alkyl residue and Ar'® repre-
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sents a C4 to C,,, preferably Cq, aryl group which is
optionally substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'” represents a C, to C,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

a heteroaryl group which is optionally substituted, in par-
ticular by a C, to C,, preferably C, to C,, alkyl group; an
optionally substituted Cs to C,,, preferably C, to C.,
preferably C, to C,, aryl group; an alkyl-aryl group of
formula -Q**-Ar'* in which Q' represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar'* represents a
Cg to C, , preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

a C4 to C,, aryl group which is optionally substituted, in
particular by aC, to C,, preferably C, to C,, alkyl group;
anoptionally substituted C, to C, ,, preferably Csto C .,
preferably C, to C,,, aryl group; an alkyl-aryl group of
formula Q'3-Ar'’ in which Q" represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar'® represents a
Cg to C, , preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

an alkyl-aryl group of formula -Q'%-Ar'® in which Q'S
represents a C, to C,, preferably C, to Cj, alkyl residue
and Ar'® represents a C4to C, ,, preferably Cg, aryl group
which is optionally substituted;

or RS and R® form, together with the carbon atoms carrying
them, a double bond;

or RS and R® form, together with the carbon atoms carrying
them, a double bond which is included in an aryl group, in
particular a phenyl group, formed by R” and R® with the
two carbon atoms carrying them.

Preferably, in the process of the invention, R®, R”, R® and

R®, which are identical or different, are chosen from:

a hydrogen;

a linear or branched C, to C,, preferably C, to Cs, alkyl
group which can comprise one or more heteroatoms
chosen in particular from oxygen, nitrogen or sulfur and
which can comprise one or more OH substituents; for
example methylene or ethylene;

a group of formula —CH,—R'® in which R'° represents a
linear or branched C, to Cs hydrocarbon group which
can comprise one or more heteroatoms chosen in par-
ticular from oxygen, nitrogen or sulfur and which can
comprise one or more OH substituents, for example
ethylene or methylene;

a group of formula C(O)OR'* in which R*' represents a
hydrogen atom or a C, to C alkyl group, for example
methyl or ethyl;

aCsto C4cycloalkyl group which is optionally substituted,
in particular by a C, to Cs alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q*3-Ar'® in which Q*?
represents a C, to C,, preferably C, to Cj, alkyl residue
and Ar'? represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR'® in
which n represents an integer between 2 and 5 and R**
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represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;

a heteroaryl group of aniline type which is optionally sub-
stituted, in particular by a C; to Cs alkyl group, for
example methyl or ethyl; an optionally substituted phe-
nyl group; an alkyl-aryl group of formula -Q'*-Ar'* in
which Q'* represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar'* represents an optionally substi-
tuted phenyl group, preferably methylphenyl or
ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cy, alkyl group; ora C, to C, alkoxy group, for
example methoxy or ethoxy;

a Cg, C,,or C,, aryl group which is optionally substituted
a C, to C, alkyl group, for example methyl or ethyl; an
optionally substituted phenyl group; an alkyl-aryl group
of formula -Q"°-Ar"? in which Q*° represents a C, to C,,
preferably C, to Cy, alkyl residue and Ar'” represents an
optionally substituted phenyl group, preferably meth-
ylphenyl or ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to Cs alkoxy group, for
example methoxy or ethoxy;

an alkyl-aryl group of formula -Q'®-Ar'® in which Q'¢
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar'® represents an optionally substituted phenyl;

or RS and R® form, together with the carbon atoms carrying
them, a double bond;

or R® and R form, together with the carbon atoms carrying
them, a double bond which is included in an aryl group, in
particular a phenyl group, formed by R” and R® with the
two carbon atoms carrying them.

Advantageously, the alkyl carbonate can be ethylene car-
bonate, propylene carbonate, dibutylene carbonate or dihexy-
lene carbonate.

According to the invention, the catalytic entity of the cata-
Iytic system is a rare earth metal oxide or a mixture of rare
earth metal oxides.

Theterm “rare earth metals” (Ln) is understood to mean the
chemical elements chosen from the group formed by scan-
dium, yttrium and the chemical elements having atomic num-
bers 57 to 71. Advantageously, the rare earth metals are cho-
sen from cerium (Ce), lanthanum (La), praseodymium (Pr),
neodymium (Nd), yttrium (Y), gadolinium (Gd), samarium
(Sm) and holmium (Ho), alone or as mixtures, preferably
cerium, lanthanum, praseodymium, samarium, yttrium and
neodymium, or their mixtures.

According to the invention, the catalytic entity is chosen
from CeO,; Pr,O,,; or rare earth metal oxides of formula
Ln,O; in which Ln represents lanthanum, neodymium,
yttrium, gadolinium, samarium or holmium; or as a mixture.

Advantageously, the catalytic entity is chosen from La, Oy,
CeO,, Prs0,,, Nd,C;, Sm,C; orY,C;, alone or as a mixture,
preferably La,O;. Mention may in particular be made, as
mixture, of the natural mixtures of rare earth metal oxides.
Mention may be made, as specific mixture, for example, of
Ce0,/Pr0,,.

In a preferred embodiment, the catalytic entity is La,O;.

In another preferred embodiment, the catalytic entity is
CeQ,.

Generally, the catalytic system according to the invention
is composed of a catalytic entity in the solid form, thus allow-
ing it to be used in a continuous process. The catalyst can in
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particular be in the monolithic form (forming a single inert,
rigid and porous block) or in the extruded form.

The catalytic system can also comprise an inert support on
which the catalytic entity is deposited. The catalytic system
comprising a support according to the invention can be in the
extruded form, in the form of a coating having catalytic prop-
erties and based on rare earth metal oxide or mixture of rare
earth metal oxides and optionally on a binder of known type
on a substrate of metal or ceramic monolith type. Advanta-
geously, it is in the extruded form. The extruded form advan-
tageously makes it possible to carry out the process of the
invention continuously, which is not possible with a pow-
dered catalyst, which would obstruct the various elements of
the reactor.

For the process according to the invention, the term
“extruded catalytic system” is understood to mean any cata-
Iytic system obtained by ejection under pressure of a paste
through the nozzles or dies having chosen shapes. The cata-
Iytic systems thus obtained can exhibit varied forms; they can,
for example, exhibit cylindrical or semi-cylindrical, square or
polygonal cross sections or also cross sections in the form of
lobes, such as trilobes. The catalytic systems can be solid or
hollow; they can have the monolith or honeycomb form.
These extruded catalytic systems can be obtained in particu-
lar by the process as described on pages 4 to 10 of patent
application W098/24726.

The term “inert support” is understood to mean a support
which does not participate, as catalyst or as reactant, in the
transcarbonation reaction of the invention, this being the case
whatever the pH. Typically, the support is neutral, that is to
say that it does not substantially modify the catalytic activity
of the catalytic entity. The support can also be described as
inactive insofar as it does not exhibit a catalytic activity for the
reaction and does not modify the catalytic activity of the
catalytic entity. The supports are chosen from extrudable and
nonhydrolyzable supports or monolithic and nonhydrolyz-
able supports.

Preferably, the support can be chosen from metal oxides
which are extrudable and non hydrolyzable, clays, active
charcoals (blacks) or ceramic or metal monoliths.

The support can, for example, be chosen from titanium
oxides, zirconium oxides, iron oxides; aluminum oxides,
such as alundum; silicas/aluminas, for example clays; active
charcoals or kieselguhr.

It can also be corundum, silica carbide or pumice.

Mention may preferably be made, among extrudable and
nonhydrolyzable metal oxides, of titanium oxides, zirconium
oxides, iron oxides or aluminum oxides, preferably titanium
oxides, zirconium oxides or neutral aluminas. More prefer-
ably, the support is chosen from titanium oxides, zirconium
oxides, iron oxides, aluminum oxides, in particular neutral
aluminas, or active charcoals, preferably titanium oxides,
zirconium oxides, neutral aluminas or active charcoals.

The amount of catalytic entity on the support can be
between 0.05% and 25% by weight, with respect to the total
weight of the catalytic system, preferably from 1% to 10% by
weight. It should be noted that this value depends in particular
on the nature of the support, on its specific surface, on its
porosity and on the catalytic properties desired.

According to the invention, the catalytic system can in
particular exhibit a specific surface of at least 1 m*/g; prefer-
ably, the specific surface is between 1 and 150 m*/g, more
preferably between 3 and 100 m?*/g. A person skilled in the art
is able to adjust this specific surface, for example by calcina-
tion of the catalytic system.

According to the invention, the catalytic system can be
doped with metals of the Lewis acid type, for example tran-
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sition metals, alkaline earth metals and semi-metals. Advan-
tageously, these catalytic entities form, with the dopants,
solid solutions forming a unit entity.

These metals can be chosen from iron (Fe(II) and Fe(III)),
copper (Cu(I) and Cu(Il)), aluminum (AI(IID)), titanium (Ti
(IV)), boron (B(III)), zinc (Zn(I1)) and magnesium (Mg(II)).
Preferably, these metals are chosen from the group consisting
of iron (Fe(Il) and Fe(Ill)), copper (Cu(l) and Cu(Il)), tita-
nium (Ti(IV)) and zinc (Zn(ID)).

In the process of the invention, the relative percentage of
metal, with respect to the catalyst, can be between 0.01% and
10% by weight, preferably between 1% and 10% by weight,
for example between 1% and 5% by weight.

Advantageously, the catalytic systems of the invention are
stable toward water. For example, the catalysts of the inven-
tion can comprise less than 5% of water. This advantageously
makes it possible to carry out the transcarbonation reaction in
a medium comprising water, for example in a medium com-
prising less than 15% of water, for example less than 5% of
water. Thus, and contrary to the process of the state of the art,
it is not necessary to have close control of the amount of water
in the reaction medium and it is not necessary to employ
reactants devoid of water. This exhibits in particular advan-
tages in terms of costs.

The catalyst according to the invention can advantageously
be easily recovered after reaction by any method known to a
person skilled in the art, in particular by settling or filtration.

The process according to the invention is carried out at
atmospheric pressure or autogenous pressure.

The term “autogenous pressure” is understood to mean the
pressure inside the reactor which is due to the reactants used.
In the case of the present invention, the term “autogenous
pressure” is understood to mean a pressure of less than 1 MPa,
preferably of less than 0.5 MPa, preferably of less than 0.3
MPa, for example of less than 0.2 MPa.

According to the invention, the process according to the
invention is carried out at a temperature of between 25 and
250° C., preferably between 25 and 200° C., for example
between 50 and 125° C.

Advantageously, the polyol/alkyl carbonate or polyol/
alkylene carbonate molar ratio is between 1/6 and 1/1, pref-
erably between 1/4 and 1/1, for example between 1/3 and 1/1.

Advantageously, the amount of catalyst is between 0.01%
and 50% by weight, with respect to the weight of polyol,
preferably between 1% and 25% by weight, preferably
between 3% and 15% by weight.

The process according to the invention makes it possible to
obtain the compound of formula (I) with good yields and a
selectivity of greater than 90%, ranging even up to 99%.

Advantageously, the process according to the invention is
carried out in the absence of solvent. The polyol can act as
solvent in the reaction according to the invention.

The process according to the invention can be carried out
continuously or batchwise.

Advantageously, the process according to the invention is
carried out continuously.

According to the invention, the process can comprise a
preliminary stage of preparation of the alkyl carbonate or
alkylene carbonate. This preliminary stage is carried out by
reaction between an alcohol or mixture of alcohols or a diol
and CO, in the presence of a catalytic system composed of a
catalytic entity chosen from rare earth metal oxides and mix-
tures of rare earth metal oxides and optionally of a support.

The catalytic entity and the support are as defined for the
transcarbonation process according to the invention.
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Advantageously, the molar ratio of alcohol or diol to CO,
is between 1 and 150 molar equivalents, preferably between 1
and 100 equivalents.

According to the invention, the preliminary stage of prepa-
ration of the alkyl carbonate or alkylene carbonate is carried
out at autogenous pressure or at atmospheric pressure.

According to the invention, the preliminary stage of prepa-
ration of the alkyl carbonate or alkylene carbonate is carried
out at a temperature of between 25 and 250° C., preferably
between 25 and 200° C., for example between 50 and 150° C.

Advantageously, the amount of catalytic system is between
0.01% and 50% by weight, with respect to the weight of
alcohol, of mixture of alcohols or of diol, preferably between
1% and 25% by weight, preferably between 3% and 15% by
weight.

According to the invention, the alcohol corresponds to the
formula R'>OH in which R'? represents:

a linear or branched C, to C,, alkyl group;

a C5 to C,, aryl group which is optionally substituted, in
particular by aC, to C,, preferably C, to Cs, alkyl group;
an optionally substituted C5 to C, ,, preferably C,to C, ,,
preferably C to C,,, aryl group; an alkyl-aryl group of
formula -Q°-Ar” in which Q° represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar” represents a C
to C,,, preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*® represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

aCsto C4cycloalkyl group which is optionally substituted,
in particular by a C, to C,, preferably C, to Cj, alkyl
group; an optionally substituted C5 to C, ,, preferably C,
to C,,, preferably C¢ to C,,, aryl group; an alkyl-aryl
group of formula -Q*°-Ar'? in which Q' representsa C,
to C,, preferably C, to Cs, alkyl residue and Ar'® repre-
sents a C4 to C,,, preferably Cq, aryl group which is
optionally substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*® represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group;

a heteroaryl group which preferably comprises from 5 to
10 members and which is optionally substituted, in par-
ticular by a C, to C,, preferably C, to Cs, alkyl group; an
optionally substituted Cs to C,,, preferably C, to C.,
preferably C, to C,,, aryl group; an alkyl-aryl group of
formula -Q*'-Ar'! in which Q"! represents a C, to C,,
preferably C, to Cs, alkyl residue and Ar'! represents a
Cg to C, , preferably Cg, aryl group which is optionally
substituted; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cs, alkyl group; ora C, to C,, preferably C, to
Cs, alkoxy group; or

an alkyl-aryl group of formula -Q'?-Ar'? in which Q*2
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar'? represents a C4to C, ,, preferably Cy, aryl group
which is optionally substituted.

Preferably, in the process of the invention, R'? represents:

a linear or branched C, to C,, alkyl group, for example
methyl, ethyl, propy!l or butyl;

aCg, C,,or C, , aryl group which is optionally substituted,
in particular by a C, to Cs alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q°-Ar® in which Q°
represents a C, to C,, preferably C, to Cs, alkyl residue
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and Ar’ represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR"* in
which n represents an integer between 2 and 5 and R**
represents a C, to C,,, preferably C, to C, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;

a C, to C,cycloalkyl group which is optionally substituted,
in particular by a C, to C, alkyl group, for example
methyl or ethyl; an optionally substituted phenyl group;
an alkyl-aryl group of formula -Q'°-Ar*® in which Q'°
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar'® represents an optionally substituted phenyl
group, preferably methylphenyl or ethylphenyl; a poly-
alkoxy group of formula —(OCH,CH,),—OR"® in
which n represents an integer between 2 and 5 and R**
represents a C, to C,, preferably C, to Cs, alkyl group;
or a C, to Cs alkoxy group, for example methoxy or
ethoxy;

a heteroaryl group of aniline type which is optionally sub-
stituted, in particular by a C, to Cs alkyl group, for
example methyl or ethyl; an optionally substituted phe-
nyl group; an alkyl-aryl group of formula -Q''-Ar'! in
which Q'! represents a C, to C,, preferably C, to Cs,
alkyl residue and Ar'! represents an optionally substi-
tuted phenyl group, preferably methylphenyl or
ethylphenyl; a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*” represents a C, to C,,, prefer-
ably C, to Cy, alkyl group; ora C, to C, alkoxy group, for
example methoxy or ethoxy; or

an alkyl-aryl group of formula -Q'2-Ar'? in which Q'?
represents a C, to C,, preferably C, to Cs, alkyl residue
and Ar'? represents an optionally substituted phenyl
group.

According to the invention, the diol corresponds to the

formula (V)

V)

HO OH

R® R®
R7

in which:
RS, R7, R® and R®, which are identical or different, are as
defined above.

In the process of the invention, when several polyalkoxy
groups are present, the n and R'® values are chosen indepen-
dently of one another and can be identical or different.

In the process of the invention, the preferences for the
compounds of formulae (II) and (IIT) or (IT) and (IV), taken in
any combination, make it possible to define a subgroup of
compound of formula (I).

In the process of the invention, the preferences for the
compound of formula (V) make it possible to define a sub-
group of compound of formula (IV).

In the process of the invention, the preferences for the
alcohol make it possible to define a subgroup of compound of
formula (III).
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The catalytic system can be identical or different in the
preliminary stage and in the transcarbonation stage.

Advantageously, the catalytic system is the same in the
preliminary stage and in the transcarbonation stage.

Advantageously, the preliminary stage and the transcar-
bonation stage of the process according to the invention are
carried out in just one sequence, continuously. The catalytic
system can be identical or different in the preliminary stage
and in the transcarbonation stage; advantageously, the cata-
Iytic system is identical for the two reactions.

Advantageously, the process according to the invention is
carried out in the absence of solvent.

The term “continuous process” is understood to mean a
process in which the reactants are fed continuously into the
reactor and the products are withdrawn continuously from the
reaction medium and are then separated. The unreacted reac-
tants can be reintroduced into the reaction medium or else
discarded.

According to the invention, the continuous process is car-
ried out with short residence times of the reactants in the
reactor. The term “short residence times” is understood to
mean times of between 1 and 24 hours, preferably between 1
and 5 hours.

The invention will now be described with the help of
examples, the latter being given by way of illustration with-
out, however, being limiting.

EXAMPLES

The yields are molar yields of glycerol carbonate, with
respect to the molar amount of starting glycerol. The yields
are determined by gas chromatography using a Stabilwax®
capillary column (polar phase; crossbond carbowax polyeth-
ylene glycol). Tetraethylene glycol (99%, Alfa) is used as
internal standard. The glycerol (>99%, Sigma-Aldrich), the
ethylene carbonate (>99%, Acros) and the dimethyl carbon-
ate (99%, Alfa) are commercial products.

Example 1

Preparation of Glycerol Carbonate by Reaction of
Glycerol with Ethylene Carbonate (Catalyst La,0,)

(0]

HO//\\r/’\\OH [:
+ —0

OH o

Glycerol (G)

La,0; 100° C.
—_—

Ethylene
carbonate (EC)

OH
O OH
i
)70
[¢) OH
Glycerol carbonate (GC) Ethylene
glycol (EG)

250 mg of glycerol (2.7 mmol), 240 mg of ethylene car-
bonate (2.7 mmol) and 88.5 mg of La,O; (10 mol %), cal-
cined at 500° C., are mixed (EC/G molar ratio=1). The reac-
tion mixture is brought to 100° C. with magnetic stirring for
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24 hours. After cooling to ambient temperature, the crude
reaction mixture is analyzed directly by gas chromatography.
Glycerol carbonate is obtained with a molar yield of 60%
(192 mg), with respect to the glycerol, with a selectivity of
greater than 99%.

The process according to the invention, carried out with an
ethylene carbonate/glycerol ratio of 1/1, makes it possible to
prepare glycerol carbonate with a good yield and a good
selectivity.

Example 2

Preparation of Glycerol Carbonate by Reaction of
Glycerol with Ethylene Carbonate (Catalyst
La,O;— Molar Ratio of 1 to 3)

A series of tests on the synthesis of glycerol carbonate is
carried out as described in example 1, in which the glycerol
and the ethylene carbonate are mixed according to the molar
ratios shown in table 1.

TABLE 1

Amount

EC/G  Amountof  cat®
Example Ratio® EC (mg) (mol %) Temp.(°C.) GCYield (%)¢
1 1 239 10 100 60
2 287 10 100 64
3 1.5 359 10 100 78
4 2 478 10 100 91
5 3 717 10 100 95
“molar ratio,

2mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol

The process according to the invention, carried out with an
ethylene carbonate/glycerol ratio of between 1/1 and 3/1,
makes it possible to prepare glycerol carbonate with a good
yield and a good selectivity.

Example 3
Variation in the Amount of Catalyst
A series of tests on the synthesis of glycerol carbonate is

carried out as described in example 1, the amount of catalyst
used being varied. The results are shown in table 2.

TABLE 2
Cat./G
EC/G  Ratioby Amountcat® Temp.
Example Ratio®  weight” (mol %) (°C.)  GCYield (%)7
6 1 35.4 10 100 60
7 1 17.7 5 100 60
8 1 3.54 1 100 24
“molar ratio;

bcatalyst/glycerol ratio by weight;
“mol of catalyst, with respect to the number of moles of glycerol;
4molar yield obtained, with respect to the number of moles of glycerol

The process according to the invention makes it possible to
prepare glycerol carbonate with a good yield and in particular
a good selectivity. The reduction in the amount of catalyst
makes it possible to retain a good yield and a good selectivity.
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Example 4 TABLE 4-continued
EC/G  Amount cat® Temp. GC Yield
Glycerol Carbonate Yield as a Function of the Example  Catalyst Ratio®  (mol %) ce) (%)°
Reaction Time 5 18 Ce0s 0060 1 10 100 51
19 CeO,/ 1 10 100 45
. . . PrsO
A series of tests on the synthesis of glycerol carbonate is fen
carried out as described in example 1, the reaction time being “molar ratio;
varied. The results are shown in table 3. 2mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol
TABLE 5
EC/G  Amount cat” GCYield
Example Catalyst Ratio® (mol %) Temp. (°C.) (%)
20 La,05 4 10 100 92
21 CaO 4 10 100 90
(comparative

example)
22 Pr,0,, 4 10 100 91
23 ALO, 10 100 78

(comparative

example)
24 CeO, 4 10 100 89
25 Ce0,/Z10, 4 10 100 99
26 CeO; 90.6% @ercentage of puriny) 4 10 100 80
27 CeO,/ 4 10 100 85

PrsOy,y
“molar ratio;

mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol

30
TABLE 3 The process according to the invention makes it possible to
prepare glycerol carbonate with a good yield and a good
Amount GC selectivity.
EC/G  Amount of cat Time  Temp. Yield
Example Ratio® EC (mg) (mol %) (h) °C) (%)
Example 6
9 1 239 10 24 100 60
}? é ii? }8 22 }88 g; Preparation of Glycerol Carbonate by Reaction of
12 3 717 10 5 100 96 Glycerol with Dimethyl Carbonate Catalyzed by
La,0O,
“molar ratio;

2mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol

The process according to the invention makes it possible to
prepare glycerol carbonate with a good yield and in particular
a good selectivity, this being the case even with greatly
reduced reaction times.

Example 5

Preparation of Glycerol Carbonate from Ethylene
Carbonate and Glycerol with Different Catalysts

A series of tests on the synthesis of glycerol carbonate is
carried out as described in example 1 but using different
catalysts. The results are shown in tables 4 and 5.

40

0
HO/\(\OH )j\ La,0;
+ —_—

Glycerol (G) Dimethyl carbonate
(DMC)
OMOH
50 > d +  2xMeOH
¢}
Glycerol carbonate (GC)
55

250 mg of glycerol (2.7 mmol), 244 mg of dimethyl car-
bonate (2.7 mmol) and 88.5 mg of La,0; (10 mol %), cal-

TABLE 4 ¢ ¢ !
cined at 500° C., are mixed (dimethyl carbonate/glycerol
EC/G  Amount cat?  Temp. GC Yield molar ratio=1). The reaction mixture is brought to 100° C.
Example  Catalyst Rafic® — (mol%) — (°C) (%) 4y with magnetic stirring for 24 hours. After cooling to ambient
13 La,04 1 10 100 60 temperature, the crude reaction mixture is analyzed directly
14 CaO 1 10 100 55 by gas chromatography. Glycerol carbonate is obtained with
(comparative a molar yield of 35% (85 mg), with respect to the glycerol,
exallnsple) P with a selectivity of greater than 99%. The results were deter-

1601, 1 10 100 63 .
16 CeO, 1 10 100 49 65 mined by proton NMR.

17 Ce0,/Zr0, 1 10 100 51 The process according to the invention makes it possible to

prepare glycerol carbonate with a good selectivity.
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Example 7

Variation in the DMC/G ratio

A series of tests on the synthesis of glycerol carbonate is
carried out under the same conditions as example 6, in which
the glycerol and the dimethyl carbonate are mixed according
to the molar ratios shown in table 6.

TABLE 6
Amount
DMC/G  Amount of cat® GC Yield
Example Ratio® DMC (mg) (mol%) Temp. (°C.) (%)°
28 1 244 10 100 35
29 1.5 366 10 100 45
30 2 489 10 100 56
31 3 733 10 100 80
32 4 978 10 100 20
“molar ratio;

mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol

The process according to the invention makes it possible to
prepare glycerol carbonate with a good yield and in particular
a good selectivity.

Example 8
Variation in the Catalyst
A series of tests on the synthesis of glycerol carbonate is

carried out as described in example 6 but using other cata-
lysts. The results are listed in table 7.

TABLE 7
Amount
DMC/G  cat®
Example Catalyst Ratio® (mol%) Temp. (°C.) GCYield (%)
33 La,03 4 10 100 96
34 CaO 4 10 100 95
(comparative
example)
35 PrsO, 4 10 100 50
36 ALO; 4 10 100 35
(comparative
example)
“molar ratio;

mol of catalyst, with respect to the number of moles of glycerol;
“molar yield obtained, with respect to the number of moles of glycerol

The process according to the invention makes it possible to
prepare glycerol carbonate with a good yield and a good
selectivity for different catalysts.

Example 9

Comparative Examples of Transcarbonation Using a

Rare Earth Metal Catalyst of Formula LLa,CO; and a

Catalyst which is a Mixture of Lanthanum Phosphate
and Cerium Phosphate

(¢]
HO/Y\ OH )I\ LayCO5
+ e
\O o Ve

OH

Glycerol Dimethyl carbonate
(DMC)

w

—_
w
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-continued
O%
> d OH ,  »MeOH

¢}

Glycerol carbonate

Preparation of Glycerol Carbonate by Reaction of
Glycerol with Dimethyl Carbonate Catalyzed by
La,CO,

1.26 g of glycerol (13.7 mmol), 4.94 g of dimethyl carbon-
ate (54.8 mmol) and 0.628 mg of La,CO; (10 mol %) are
mixed. The reaction mixture is brought to 100° C. with mag-
netic stirring for 24 hours. After cooling to ambient tempera-
ture, the crude reaction mixture is analyzed directly by gas
chromatography. Glycerol carbonate is obtained with a molar
yield of 3%, with respect to the glycerol, with a selectivity of
greater than 99%. The results were determined by proton
NMR.

The yield is very low in comparison with the yield obtained
with the process according to the invention.

Preparation of Glycerol Carbonate by Reaction of
Glycerol with Dimethyl Carbonate Catalyzed by a
La/Ce Phosphate (LaPO,/CePO,) Mixture

1.26 g of glycerol (13.7 mmol), 4.94 g of dimethyl carbon-
ate (54.8 mmol) and 0.771 mg of LaPO,/CePO, (10 mol %)
are mixed. The reaction mixture is brought to 100° C. with
magnetic stirring for 24 hours. After cooling to ambient tem-
perature, the crude reaction mixture is analyzed directly by
gas chromatography.

No conversion of the glycerol to glycerol carbonate was
observed (Yield 0%).

The invention claimed is:
1. A process for the preparation by transcarbonation of a
compound of formula (I),

@
(€]

PN

(@) (6]

R! R?

50 in which:

55

60

65

R! represents:

a hydrogen atom;

a linear, branched or cyclic C, to Cg hydrocarbon group
optionally comprising one or more heteroatoms and/
or one or more OH substituents;

a group of formula —CH,—R? in which R? represents a
linear or branched C; to C, hydrocarbon group
optionally comprising one or more heteroatoms and/
or one or more OH substituents;

an alkyl-aryl group of formula -Q'-Ar' in which Q'
represents a C, to C, alkyl group and Ar! represents a
C, to C,, aryl group which is optionally substituted;

a C, to C,, aryl group which is unsubstituted or is sub-
stituted by a C, to C,, alkyl group, an optionally sub-
stituted C, to C,, aryl group, an alkyl-aryl group of
formula -Q*-Ar? in which Q? represents a C, to C,
alkyl residue and Ar* represents a C4 to C, , aryl group
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which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'* represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, a C5to C, , aryl group,
an alkyl-aryl group of formula -Q>-Ar’ in which Q*
represents a C, to C, alkyl residue and Ar® represents
aCgto C,, aryl group which is optionally substituted,
a polyalkoxy group of formula —(OCH,CH,),—
OR'® in which n represents an integer between 2 and
5andR*’ represents a C, to C,, alkyl group, oraC, to
C, alkoxy group; and

R? represents:

a hydrogen atom;

a linear or branched C, to C,, alkyl group;

a group of formula -L*OH in which L' represents:

alinear, branched or cyclic C, to Cg hydrocarbon option-
ally comprising one or more heteroatoms and/or one
or more OH substituents;

an alkyl-aryl group of formula -Q*-Ar* in which Q*
represents a C, to C, alkyl residue and Ar* represents
aCgto C,, aryl group which is optionally substituted;

a group of formula -L>-CH, in which L represents:

a linear, branched or cyclic C, to C, hydrocarbon group
optionally comprising one or more heteroatoms and/
or one or more pendant OH groups;

a C5 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted C; to C,, aryl group, an alkyl-aryl group
of formula -Q’-Ar’ in which Q’ represents a C, to C,
alkyl residue and Ar” represents a C4to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"* in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substi-
tuted C, to C,, aryl group, an alkyl-aryl group of
formula -Q°®-Ar® in which QS represents a C, to C,
alkyl residue and Ar® represents a C4to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'* represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a C4 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted C, to C,, aryl group, an alkyl-aryl group
of formula -Q°-Ar’ in which Q’ represents a C, to C,
alkyl residue and Ar” represents a C4to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'* represents a
C, to C,, alkyl group, or a C, to C, alkoxy group; or

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substi-
tuted Cg to C,, aryl group, an alkyl-aryl group of
formula -Q°®-Ar® in which Q° represents a C, to C,
alkyl residue and Ar® represents a C4to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'* represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

the process comprising the reaction, in the presence of a
catalytic system that is extruded, between a polyol of
formula (II)
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oy
OH

HO.
R2

Rr!

and an alkyl carbonate or an alkylene carbonate,

the catalytic system consisting of a rare earth metal
oxide of formula CeO,, PrsO, ;, Ln,0;, or mixtures of
said rare earth metal oxides thereof, L.n representing
lanthanum, neodymium, yttrium, gadolinium,
samarium or holmium,

wherein the process is carried out in the presence of
water, wherein the amount of water in the reaction
medium is less than 15%.

2. The process as claimed in claim 1, wherein alkyl car-

bonate is a compound of formula (IIT)

(I

4 5
R\)]\/R

O (6]

in which R* and R>, which are identical or different, rep-
resent:

a linear or branched C, to C, alkyl group;

a Cs to Cg cycloalkyl group which is unsubstituted or is
substituted by a C; to C, alkyl group, an optionally
substituted C,4 to C,, aryl group, an alkyl-aryl group of
formula -Q'°-Ar'® in which Q'° represents a C, to C,
alkyl residue and Ar'® represents a C, to C,, aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*'® in which n represents
an integer between 2 and 5 and R*® representsa C, to C
alkyl group, or a C, to C, alkoxy group; or

an alkyl-aryl group of formula -Q'2-Ar'? in which Q'?
represents a C! to C, alkyl residue and Ar'? represents a
C, to C,, aryl group which is optionally substituted.

3. The process as claimed in claim 1, wherein the alkylene

carbonate is a compound of formula (IV)

av)

0
o)l\o
R9
R6
R7 g8

inwhichR® R7, R®and R®, which are identical or different,
represent:

a hydrogen;

a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

a group of formula —CH,—R'® in which R'° represents a
linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

a group of formula C(O)OR!! in which R'* represents a
hydrogen atom or a C, to C, alkyl group;
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a Cs to Cq cycloalkyl group which is unsubstituted, or
substituted by a C; to C, alkyl group, an optionally
substituted C, to C, , aryl group, an alkyl-aryl group of
formula -Q*3-Ar'? in which Q'? represents a C, to C,
alkyl residue and Ar' represents a C, to C,, aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR"® in which n represents
aninteger between 2 and 5 and R*® represents aC, to C
alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substituted
by aC, to C, alkyl group, an optionally substituted C, to
C,, aryl group, an alkyl-aryl group of formula -Q**-Ar**
inwhich Q** represents a C, to C, alkyl residue and Ar**
represents a Cg to C,, aryl group which is optionally
substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R*® represents a C, to C,, alkyl
group, or a C, to C, alkoxy group;

a Cgto C,, aryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substituted
Cg to C,, aryl group, an alkyl-aryl group of formula
-Q"-Ar'® in which Q' represents a C, to C, alkyl resi-
due and Ar' represents a C, to C,, aryl group which is
optionally substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'® represents a C, to C,, alkyl
group, or a C, to C, alkoxy radical;

an alkyl-aryl group of formula -Q'%-Ar'® in which Q'¢
represents a C, to C, alkyl residue and Ar'® represents a
C, to C,, aryl group which is optionally substituted;

or R and R form, together with the carbon atoms carrying
them, a double bond;

or RS and R® form, together with the carbon atoms carrying
them, a double bond which is included in an aryl group,
in particular a phenyl group, formed by R” and R® with
the two carbon atoms carrying them.

4. The process as claimed in claim 1, wherein the com-

pound of formula (I) is a compound of formula (Ia)

(Ia)

and the polyol of formula (II) is a polyol of formula (Ila)

(11a)
oH

HO.
L!

R! OH

in which R' and L' are as defined in claim 1.

5. The process as claimed in claim 1, additionally compris-
ing a preliminary stage of preparation of the alkyl carbonate
or alkylene carbonate by reaction between an alcohol or mix-
ture of alcohols or a diol and CO, inthe presence of a catalytic
system comprising a catalytic entity chosen from rare earth
metal oxides or mixtures of rare earth metal oxides and
optionally of an inert support.
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6. The process as claimed in claim 5, wherein the alcohol is

of formula R'?OH in which R*? represents:

a linear or branched C, to C, alkyl group;

a C4 to C,, aryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substituted
Cg to C,, aryl group, an alkyl-aryl group of formula
-Q°-Ar® in which Q° represents a C, to C,, alkyl residue
and Ar® represents a Cq4 to C,, aryl group which is
optionally substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'® represents a C, to C,, alkyl
group, or a C, to C, alkoxy group;

a C; to Cg cycloalkyl group which is unsubstituted, or is
substituted by a C; to C, alkyl group, an optionally
substituted C,4 to C,, aryl group, an alkyl-aryl group of
formula -Q'°-Ar'® in which Q'° represents a C, to C,
alkyl residue and Ar'® represents a C, to C,, aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*'® in which n represents
an integer between 2 and 5 and R*® representsa C, to C
alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substituted
by aC, to C, alkyl group, an optionally substituted C, to
C,, aryl group, an alkyl-aryl group of formula -Q**-Ar*!
inwhich Q*! represents aC, to C, alkyl residue and Ar*!
represents a Cy to C,, aryl group which is optionally
substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'® represents a C, to C,, alkyl
group, or a C, to C, alkoxy group; or

an alkyl-aryl group of formula -Q'2-Ar'? in which Q'?
represents a C, to C, alkyl residue and Ar'? represents a
C, to C,, aryl group which is optionally substituted.

7. The process as claimed in claim 5, wherein the diol

corresponds to the formula (V)

V)

HO OH

RS R®
R7 RS

in which: R®, R”, R® and R®, which are identical or differ-
ent, represent:

a hydrogen;

a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

a group of formula —CH,—R'® in which R'° represents a
linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

a group of formula C(O)OR!! in which R'* represents a
hydrogen atom or a C, to C, alkyl group;

a Cs to C cycloalkyl group which is unsubstituted, or is
substituted by a C; to C, alkyl group, an optionally
substituted C,4 to C,, aryl group, an alkyl-aryl group of
formula -Q*3-Ar'? in which Q' represents a C, to C,
alkyl residue and Ar' represents a C, to C,, aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR"® in which n represents
an integer between 2 and 5 and R*® representsa C, to C
alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substituted
by a C, to C, alkyl group, an optionally substituted C, to
C,, aryl group, an alkyl-aryl group of formula -Q*'*-Ar**
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in which Q** represents a C, to C, alkyl residue and Ar**

represents a Cq to C,, aryl group which is optionally

substituted, a polyalkoxy group of formula

—(OCH,CH,),—OR*’ in which n represents an integer

between 2 and 5 and R*® represents a C, to C,, alkyl

group, or a C, to C, alkoxy group;

a Cgto C,, aryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substituted
Cg to C,, aryl group, an alkyl-aryl group of formula
-Q"-Ar'® in which Q' represents a C, to C, alkyl resi-
due and Ar' represents a C, to C,, aryl group which is
optionally substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'® represents a C, to C,, alkyl
group, or a C, to C, alkoxy radical;

an alkyl-aryl group of formula -Q'°-Ar'® in which Q'S
represents a C, to C, alkyl residue and Ar'® represents a

Cg to C,, aryl group which is optionally substituted;

or R” and R” form, together with the carbon atoms carrying

them, a double bond; or R and R® form, together with
the carbon atoms carrying them, a double bond which is
included in an aryl group, formed by R” and R® with the
two carbon atoms carrying them.

8. The process as claimed in claim 5, wherein the two
stages are carried out in just one sequence and with an iden-
tical catalytic system.

9. The process of claim 1, wherein the rare earth metal
oxide is selected from the group consisting of La,O;, CeO,,
Pr;0O,,, Nd,O;, Sm,0;,Y,0;, and mixtures of said rare earth
metal oxides thereof.

10. The process as claimed in claim 9, wherein the rare
earth metal oxide is La,O;.

11. The process as claimed in claim 9, wherein the rare
earth metal oxide is CeO,.

12. The process as claimed of claim 1, wherein the catalytic
system is extruded in the form of a monolith.

13. The process of claim 1, carried out at a temperature of
between 25° C. and 250° C.

14. The process of claim 1, for which the polyol/alkyl
carbonate or polyol/alkylene carbonate molar ratio is
between 1/6 and 1/1.

15. The process claim 1, carried out continuously.

16. The process as claimed in claim 2, wherein the com-
pound of formula (I) is a compound of formula (Ia)

(Ia)

0
o)l\o
R! ~L!
HO

and the polyol of formula (II) is a polyol of formula (Ila)

(11a)
HO
R! oH

in which R! represents:
a hydrogen atom;
a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and
which can comprise one or more OH substituents;
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a group of formula —CH,—R? in which R? represents a
linear or branched C, to C, hydrocarbon group which
can comprise one or more heteroatoms and which can
comprise one or more OH substituents;

an alkyl-aryl group of formula -Q*-Ar in which Q* rep-
resents a C, to C, alkyl residue and Ar* represents a Cy
to C,, aryl group which is optionally substituted;

a C4 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted C to C,, aryl group, an alkyl-aryl group
of formula -Q*-Ar” in which Q7 represents a C, to C,
alkyl residue and Ar” represents a C to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"* in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group; a Cs to C, , aryl group;
an alkyl-aryl group of formula -Q*-Ar® in which Q*
represents a C, to C, alkyl residue and Ar® represents
a Cqto C,, aryl group which is optionally substituted,
a polyalkoxy group of formula —(OCH,CH,),—
OR'® in which n represents an integer between 2 and
5and R*’ represents aC, to C, , alkyl group, ora C, to
C, alkoxy group;

and in which L' represents:

a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

an alkyl-aryl group of formula -Q*-Ar* in which Q* repre-
sents a C, to C,, alkyl residue and Ar* represents a C4 to
C,, aryl group which is optionally substituted;

a group of formula -L.>-CH,, in which L* represents:

a linear, branched or cyclic C, to Cg hydrocarbon group
which can comprise one or more heteroatoms and
which can comprise one or more pendant OH groups;

a C5 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted Cs to C,, aryl group, an alkyl-aryl group
of formula -Q’-Ar’ in which Q’ represents a C, to C,
alkyl residue and Ar” represents a C4 to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted or is substi-
tuted by a C, to C, alkyl group, an optionally substi-
tuted Cg to C,, aryl group, an alkyl-aryl group of
formula -Q®-Ar® in which QS represents a C, to C,
alkyl residue and Ar® represents a C4 to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR"® in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a C4 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted C to C,, aryl group, an alkyl-aryl group
of formula -Q°-Ar’ in which Q’ represents a C, to C,
alkyl residue and Ar° represents a C to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"* in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group; or

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substi-
tuted Cg to C,, aryl group, an alkyl-aryl group of
formula -Q°®-Ar® in which QS represents a C, to C,
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alkyl residue and Ar® represents a C4to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group.
17. The process of claim 3, wherein the compound of
formula (1) is a compound of formula (Ia)

(Ia)

and the polyol of formula (II) is a polyol of formula (Ila)

(11a)
oH

HO

R! OH
in which R! represents:

a hydrogen atom;

a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and
which can comprise one or more OH substituents;

a group of formula —CH,—R? in which R? represents a
linear or branched C, to C, hydrocarbon group which
can comprise one or more heteroatoms and which can
comprise one or more OH substituents;

an alkyl-aryl group of formula -Q'-Ar' in which Q'
represents a C, to C, alkyl residue and Ar' represents
aCgto C,, aryl group which is optionally substituted;

a C4 to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted C to C,, aryl group, an alkyl-aryl group
of formula -Q*-Ar? in which Q* represents a C, to C,
alkyl residue and Ar” represents a C4to C, , aryl group
which is optionally substituted; a polyalkoxy group of
formula—(OCH,CH,), " in which n represents
an integer between 2 and 5 and R*® represents a C, to
C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, a C5to C, , aryl group,
an alkyl-aryl group of formula -Q’-Ar’ in which Q>
represents a C, to C, alkyl residue and Ar® represents
aCgto C,, aryl group which is optionally substituted,
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a polyalkoxy group of formula —(OCH,CH,),—
OR'® in which n represents an integer between 2 and
5and R*’ represents aC, to C, , alkyl group, ora C, to
C, alkoxy group;

and in which L' represents:

a linear, branched or cyclic C, to C, hydrocarbon group
which can comprise one or more heteroatoms and which
can comprise one or more OH substituents;

an alkyl-aryl group of formula -Q*-Ar* in which Q* repre-
sents a C, to C,, alkyl residue and Ar* represents a C4 to
C,, aryl group which is optionally substituted;

a group of formula -L>-CH, in which L? represents:

a linear, branched or cyclic C, to Cg hydrocarbon group
which can comprise one or more heteroatoms and
which can comprise one or more pendant OH groups;

a Cs to C,, aryl group which is unsubstituted, or is
substituted by a C, to C, alkyl group, an optionally
substituted Cs to C,, aryl group, an alkyl-aryl group
of formula -Q’-Ar” in which Q° represents a C, to C,
alkyl residue and Ar” represents a C4 to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'® represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a heteroaryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substi-
tuted Cg to C,, aryl group, an alkyl-aryl group of
formula -Q®-Ar® in which QS represents a C, to C,
alkyl residue and Ar® represents a C4 to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"® in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group;

a C4 to C,, aryl group which is unsubstituted, or is substi-
tuted by a C, to C, alkyl group, an optionally substituted
Cg to C,, aryl group, an alkyl-aryl group of formula
-Q’-Ar’ in which Q° represents a C, to C,, alkyl residue
and Ar’® represents a Cq4 to C,, aryl group which is
optionally substituted, a polyalkoxy group of formula
—(OCH,CH,),—OR"? in which n represents an integer
between 2 and 5 and R'® represents a C, to C,, alkyl
group, or a C, to C, alkoxy group; or
a heteroaryl group which is unsubstituted, or is substi-

tuted by a C, to C, alkyl group, an optionally substi-
tuted Cg to C,, aryl group, an alkyl-aryl group of
formula -Q°®-Ar® in which QS represents a C, to C,
alkyl residue and Ar® represents a C to C, , aryl group
which is optionally substituted, a polyalkoxy group of
formula —(OCH,CH,),—OR*"* in which n repre-
sents an integer between 2 and 5 and R'” represents a
C, to C,, alkyl group, or a C, to C, alkoxy group.

18. The process of claim 1, wherein the process is carried

out in the presence of the less than 5% of water.
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